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This recovery plan has been prepared by the Karner Blue Butterfly Recovery Team under
the leadership of Dr. David Andow, University of Minnesota-St. Paul. Dr. John Shuey and Dr.
Cynthia Lane assisted with the writing of the document. The purpose of the plan is to delineate
reasonable actions needed to restore and protect the endangered Karner blue butterfly (Lycaeides
melissa samuelis). Recovery objectives will be attained and funds made available subject to
budgetary and other constraints affecting the parties involved, as well as the need to address
other priorities.

The plan does not necessarily represent the views or official position of any individuals
or agencies involved in plan formulation, other than the U.S. Fish and Wildlife Service. The
plan represents the official position of the U.S. Fish and Wildlife Service only after it has been
signed by the Regional Director. Approved recovery plans are subject to modification as
dictated by new findings, changes in species status, and the completion of recovery actions.
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EXECUTIVE SUMMARY
Karner Blue Butterfly Recovery Plan

Current Species Status: The Karner blue butterfly, Lycaeides melissa samuelis Nabokov (Lepidoptera:
Lycaenidae), formerly occurred in a band extending across 12 states from Minnesota to Maine and in the province of
Ontario, Canada, and now only occurs in the seven states of Minnesota, Wisconsin, Indiana, Michigan, New York,
New Hampshire, and Ohio. Wisconsin and Michigan support the greatest number of Karner blue butterflies and
butterfly sites. The majority of the populations in the remaining states are small and several are at risk of extinction
from habitat degradation or loss. Based on the decline of the Karner blue across its historic range, it was listed as
endangered in 1992. Since listing, two populations have been extirpated and are being reintroduced to Concord,
New Hampshire, and West Gary, Indiana. A third population is being reintroduced to Ohio.

Habitat Requirements and Limiting Factors: The Karner blue butterfly is dependent on wild lupine, Lupinus
perennis L. (Fabaceae), its only known larval food plant, and on nectar plants. These plants historically occurred in
savanna and barrens habitats typified by dry sandy soils, and now occur in remnants of these habitats, as well as
other locations such as roadsides, military bases, and some forest lands. The primary limiting factors are loss of
habitat through development, and canopy closure (succession) without a concomitant restoration of habitat. A
shifting geographic mosaic that provides a balance between closed and open-canopy habitats is essential for the
maintenance of large viable populations of Karner blue butterflies.

Recovery Objectives: The objective of this recovery plan is to restore viable metapopulations of Karner blues
across the species extant range so that it can be reclassified from endangered to threatened. The long-range goal is
to remove it from the Federal list of Endangered and Threatened Wildlife and Plants.

Recovery Criteria: The reclassification criteria will be met when a minimum of 27 metapopulations [19 viable
metapopulations (supporting 3,000 butterflies each), and 8 large viable metapopulations (supporting 6,000
butterflies each)] are established within at least 13 recovery units across the butterfly’s range and are being managed
consistent with the recovery objectives outlined in this plan. Delisting will be considered when a minimum of 29
metapopulations (13 viable and 16 large viable metapopulations) have been established within at least 13 recovery
units and are being managed consistent with the plan.

Actions Needed:

Protect and manage Karner blue and its habitat to perpetuate viable metapopulations.

Evaluate and implement translocation where appropriate.

Develop rangewide and regional management guidelines.

Develop and implement information and education program.

Collect important ecological data on Karner blue and associated habitats.

Review and track recovery progress (includes re-evaluation of recovery goals for Wisconsin).

AN S

Total Estimated Cost of Recovery (in $1,000°s):

Year Need 1 Need 2 Need 3 Need 4 Need 5 Need 6 * Total

2003 872.5 75 7 133 391 7 1,485.5
2004 964.5 55 26 63 423 27 1,558.5
2005 974 100 27 48 400 15 1,564
Total 2811 230 60 244 1,214 49 4,608

* Does not include land acquisition costs.

Date of Recovery: Full recovery of the species is anticipated to require at least 20 years, until about 2023.
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PART I. INTRODUCTION

The Karner blue butterfly (Lycaeides melissa samuelis) was proposed for Federal listing
on January 21, 1992 [U.S. Fish and Wildlife Service (USFWS) 1992a], and on December 14,
1992 it was listed as federally endangered rangewide (USFWS 1992b). Historically, the Karner
blue butterfly occurred in 12 states and at several sites in the province of Ontario. It is currently
extant in seven states (New Hampshire, New York, Ohio, Indiana, Michigan, Wisconsin and
Minnesota) with the greatest number of occurrences in the western part of its range (Michigan
and Wisconsin). The Karner blue is considered extirpated from five states and the Canadian
province of Ontario. Reintroductions are underway at three sites, Concord, New Hampshire,
West Gary, Indiana, and in Ohio. The historic habitat of the butterfly was the savanna/barrens
ecosystems. Much of these ecosystems has been destroyed by development, fragmented, or
degraded by succession, and has not been replaced by other suitable habitat, especially in the
eastern part, and along the margins of the butterfly's range. The loss of suitable habitat resulted
in a decline in Karner blue locations and numbers, with some large populations lost, especially in
the eastern and central portions of its range. Presently, the Karner blue butterfly occupies
remnant savanna/barrens habitat and other sites that have historically supported these habitats,
such as silvicultural tracts (e.g. young pine stands), rights-of-ways, airports, military bases, and
utility corridors.

The ecology of the Karner blue butterfly is closely tied to its habitat which provides food
resources and key subhabitats for the butterfly. The larvae feed only on one plant, wild lupine
(Lupinus perennis). Adults require nectar sources to survive and lay sufficient eggs. Because
these habitat components can be lost to succession, Karner blue butterfly persistence is
dependent on disturbance and/or management to renew existing habitat or to create new habitats.
The distribution and dynamics of these habitats in the establishment of viable metapopulation of
this species forms the ecological basis for recovery planning.

TAXONOMY AND DESCRIPTION
Taxonomy

The taxonomy of the Karner blue (Lycaeides melissa samuelis) follows Lane and Weller
(1994) who have conducted the most recent review of its taxonomy. The Karner blue is a
member of the genus Lycaeides (Lepidoptera: Lycaenidae: Polyommatinae) (Elliot 1973,
Nabokov 1943, 1949). In North America there are two species of Lycaeides, L. idas (formerly L.
argyrognomon) and L. melissa (Higgins 1985, Lane and Weller 1994). Lycaeides melissa is
comprised of six subspecies, L. m. melissa, L. m. annetta, L. m. inyoensis, L. m. mexicana, L. m.
pseudosamuelis, and L. m. samuelis (Lane and Weller 1994). Vladimir Nabokov conducted the
taxonomy for this group in the 1940s. Sometime after this work was published, Nabokov
commented in private letters that the Karner blue should be classified as a distinct species
(Nabokov 1952, 1975, 1989). Nabokov noted that the male genitalia of L. m. melissa were very
variable geographically, but the male genitalia of L. m. samuelis were remarkably constant over
the entire range of the subspecies. The wing shape of L. m. samuelis is rounder and less pointed
than that of L. m. melissa, especially the female hingwing. Moreover, L. m. samuelis uses only
one host plant throughout its geographic range, while L. m. melissa uses many species of host
plant. The taxonomic work to elevate L. m. samuelis to the species level was never completed,
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and the currently accepted status of the Karner blue butterfly is subspecific (Miller and Brown
1983, Nabokov 1943, 1949, Opler 1992, Opler and Krizek 1984, Lane and Weller 1994). While
other work has been done on the taxonomy of the Karner blue, the data thus far does not support
a change in the classification of the butterfly.

Packer et al. (1998) described protein variation detected by starch gel electrophoresis in a
study of 34 loci in two samples of the Karner blue (Wisconsin and New York) and one sample of
the Melissa blue (Minnesota). Based on their application of a phylogenetic species concept
criterion for species-level distinctness requiring fixed allele differences between the two
supposed species, they concluded that the Karner blue and the Melissa blue are not distinct
enough to be considered different species. They also reported that the genetic identity values
between samples from the different subspecies (0.967 and 0.976) were less than between the two
samples of Karner blue (0.989). They observed that these identity values were within the ranges
of values reported for subspecies and intraspecific populations of other insects. Genetic data
alone, according to their interpretation, is consistent with both population-level and subspecies-
level divergence. The utility of these data for making inferences about taxonomy and population
structure is limited by the small number of populations sampled and the small number of
individuals (ranging from 3 to 17 individuals, depending on the population and locus) sampled.
In addition, genetics data alone should not be used in making taxonomic decisions; it must be
considered together with morphological, life history, and ecological data.

Nice et al. (2000) investigated the taxonomy of the genus using male genital morphology
and variation in nuclear (microsatellite) and mitochondrial (mt) DNA, sampled from over 60
Lycaeides populations. The microsatellite DNA data support the treatment of the Karner blue as
a distinct evolutionary unit (coherent taxon). Genetic distances based on DNA among taxa in this
genus were small relative to the differentiation in morphological and ecological traits.
Microsatellite allele frequency data indicate that the Karner blue population is a well defined,
closely related group, distinct from other Lycaeides taxa. Indeed, microsatellite data indicate that
the Karner blue is the most clearly defined of the North American Lycaeides taxa.

The morphology of Lycaeides male genitalia indicated that while other forms of L.
melissa are more variable (as Nabokov noted), there was no diagnostic distinction between them
and the Karner blue. These data support the treatment of L. melissa as a distinct taxonomic unit.
They do not refute the indications of the microsatellite data that Karner blue is a clearly defined
taxon, but they cannot be used to support the concept either.

In contrast, mtDNA variation found by Nice et al. (2000) was inconclusive. These data
did not support the concept of L. melissa or the Karner blue as a coherent taxonomic unit, and
cannot be used for inferences about the genetic distinctions among populations of the Karner
blue butterfly. The Wisconsin and Minnesota Karner blue populations share mtDNA haplotypes
with populations of L. melissa and L. idas in the western U.S. Two unique haplotypes were
found in Karner blue populations east of Lake Michigan (i.e., Indiana, Michigan, New York,
New Hampshire), but haplotypes associated with European species were also related to these
eastern populations. The mtDNA haplotype data suggest that there may have been movement of
haplotypes among Lycaeides species and among L. melissa subspecies (Nice et al. 2000).
[However, use of these mtDNA data for making any taxonomic inferences, including inferences
about gene movement is limited by the small sample size from some of the sites (one sample



each from Minnesota and Michigan) and limited number of base pairs analyzed (Robert Zink,
University of MN, pers.comm. 2002).]

Taken as a whole, the genetic, morphological, ecological, and life history data support
treating the Karner blue as a coherent taxon, with taxonomic affinities to both the L. melissa and
L. idas groups. Karner blue butterfly populations are distinct from other nearby Lycaeides. They
are bivoltine, dependent on Lupinus perennis (wild lupine), and possess distinct wing pattern
elements. In addition, there is no evidence of morphological intermediacy in the Karner blue
populations sampled (Chris Nice, pers. comm. 2002).

While additional genetics work, done with larger sample sizes, additional sample sites,
and more analyses of nuclear and mtDNA may be helpful to further determine if Lycaeides
melissa samuelis should be divided into two or more subspecies, such work is considered a low
recovery priority for the reasons noted above.

Description

Figure 1 depicts the various life stages of the Karner blue. Karner blue butterflies are
small with a wingspan of about 2.5 cm. (one inch). The forewing length of adult Karner blues is
1.2 to 1.4 cm for males and 1.4 to 1.6 cm for females (Opler and Krizek 1984). The wing shape
is rounded and less pointed than L. m. melissa, especially in the female hind wing (Nabokov
1949). The upper (dorsal) side of the male wing is a violet blue with a black margin and white-
fringed edge. The female upper side ranges from dull violet to bright purplish blue near the body
and central portions of the wings, and the remainder of the wing is a light or dark gray-brown,
with marginal orange crescents typically restricted to the hind wing. Both sexes are a grayish
fawn color on the ventral side. Near the margins of the underside of both wings are orange
crescents and metallic spots. The black terminal line along the margin of the hind wing is
usually continuous (Klots 1979, Nabokov 1944). Nobokov (1944, 1949) believed that male
genitalia were the most reliable character for distinguishing adult L. m. samuelis from other
subspecies (and species). The work of Nice et al. (2000) however, did not find the morphology
of the male genitalia to be a good diagnostic characteristic.

The eggs of Karner blue are tiny and radially symmetric, about 0.7 mm in diameter,
somewhat flattened, and pale greenish-white in color (Dirig 1994). The surface is deeply
reticulated with a fine geometric pattern (Scudder 1889). Larvae are a pea-green color,
pubescent and dorsally flattened, with a brown-black to black head capsule. The head is often
not visible as it is tucked under the body. Older larvae have pale green (to white) lateral stripes,
and a dark-green longitudinal stripe dorsally. In pre-pupal larvae, the lateral stripes become less
distinct and the color becomes a duller green. Larvae have four instars (larval development
stages) (Savignano 1990), and three glandular structures that are known to mediate interactions
with ants in other species of Lycaenidae (Refer to PART I, LIFE HISTORY AND ECOLOGY,
Associated Ants, and Savignano 1994a and references therein). Some of these glandular
structures mediate interactions with ants in Karner blue, but it is not known what is secreted by
any of the structures and if any of the structures are active throughout larval life.



Figure 1. Life stages of the Karner blue butterfly
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Photo credits. Drawings of eggs from Scudder (1889); Karner blue larvae tended by ant courtesy
of the Wisconsin DNR, all other photos courtesy of Paul Labus, The Nature Conservancy,
Whiting, Indiana (refer also to:
http://nature.org/wherewework/northamerica/states/indiana/preserves/art9126.html

for additional images).




Ants are known to tend larvae during their larval stage (Figure 1). Pupae are bright green
and smooth, changing to a light tan with hints of purple shortly before emergence when the
adult cuticle separates from the cuticle of the pupal case.

Distinguishing Karner blue from similar species

In the eastern United States, the Karner blue butterfly can be confused readily with the
eastern-tailed blue (Everes comyntas) and less readily with the spring azure (Celastrina argiolus)
complex (Opler 1992, Scott 1986). Eastern-tailed blues are on average smaller than Karner blue
and they have black projections or "tails" on the outer angle of the hind wings (Opler 1992, Scott
1986). These tails may be broken off but usually leave some remnant indicating their former
presence. On the underside of the wings, eastern-tailed blues lack orange crescents on the
forewing, and four spots, two large and two small, are present on the hind wing (Opler 1992,
Scott 1986). It may be difficult to distinguish a large male eastern-tailed blue from a small male
Karner blue when they are in flight. Spring azures lack the orange crescents on the undersides of
their wings (Opler 1992).

In the Midwest, Karner blue butterflies can be confused with Nabokov's blue (L. idas
nabokovi), Melissa blue (L. melissa melissa), eastern- and western-tailed blues (Everes comyntas
and E. amyntula), Reakirt's blue (Hemiargus isola), greenish blue (Plebius saepiolus), marine
blue (Leptotes marina), acmon blue (Icaricia acmon), spring azure (Celastrina argiolus)
complex, and silvery blue (Glaucopsyche lygdamus) (Opler 1992, Scott 1986). Species
occurrence varies throughout the Midwest and to determine the species present locally, it is best
to consult local guides and checklists. Eastern-tailed blue is the only species that is confused
readily with Karner blue. Spring azure, silvery blue, Reakirt's blue, and marine blue lack the
orange crescents on the under sides of their wings (Opler 1992, Opler and Krizek 1984, Scott
1986). Eastern- and western-tailed blues have tails (as described above), orange crescents are
absent on the underside of the forewing, and there are, respectively, four or one orange spot(s) on
the hind wing (fewer than Karner blue). The greenish blue has one or more orange marginal
crescents, which are, however, much smaller in size than the spots on Karner blue. The marginal
crescents on the dorsal side of the male acmon blue hind wing, tend to be more pink than orange
(Opler 1992). Melissa blue can be distinguished from Karner blue by the orange banding on the
upper (dorsal) side of the forewing (females only), genitalia differences and differential habitat
use (Nabokov 1943, 1949, Scott 1986). Melissa blue larvae can feed on Astragalus sp.,
Glycyrriza lepidota, Lupinus sp., and several other species (Scott 1986). The occurrence of
Melissa blue comes closest (30 miles) to Karner blue sites in southeastern Minnesota. The range
of Nabokov's blue, L. idas nabokovi, overlaps with Karner blue in certain areas, but the Karner
blue is typically found in oak and pine savanna/barrens, whereas Nabokov's blue is found
primarily in forest clearings (Masters 1972). Also, the two species have different host plants.
The Karner blue feeds exclusively on wild lupine (Lupinus perennis), and Nabokov's blue feeds
on dwarf bilberry (Vaccinium cespitosum) (Nielsen and Ferge 1982). Although there are
superficial differences in coloration between these two subspecies (Masters 1972), unequivocal
identification would require dissection and examination of the male genitalia (Nabokov 1944).
Interested readers should consult the cited references for more details.



DISTRIBUTION
Rangewide Distribution of Karner Blues

Historically, the Karner blue butterfly occurred in a geographic band between 41° and 46°
North latitude extending from Minnesota to Maine (Dirig 1994) (refer to Figure B-1,
APPENDIX B). The butterfly is commonly found on sandy soil types that have populations of
Lupinus perennis (the only known larval food source), and often inhabits communities similar to
oak and pine savanna/barrens communities. In this recovery plan, the term "lupine" will refer to
L. perennis to the exclusion of all other species of Lupinus.

Dirig (1994) reviewed all of the locality records of the Karner blue he could find, whether
or not they were confirmed with vouched specimens. His work is an exhaustive summary of the
reports of Karner blue occurrence. To establish a definitive historic geographic range, this
recovery plan only includes locality records with confirmed specimens. Additional information
from Dr. Robert Dirig, requested by the Recovery Team, was especially critical for evaluating
records from Pennsylvania, New Jersey, Maine, and Wisconsin. These findings are summarized
here and presented in greater detail in APPENDIX B.

The historic northern, eastern, and western limits of the butterfly correspond roughly with
the distributional limits of lupine. In all three regions, the present distribution of the butterfly has
contracted away from these limits, with extirpations of populations occurring in all three
geographic directions. The northernmost population of the Karner blue occurs in the Superior
Outwash Recovery Unit (RU) in Wisconsin, the westernmost population in the Paleozoic Plateau
RU in Minnesota, and the easternmost population in the Merrimac/Nashua River System RU in
New Hampshire (refer to APPENDIX B, Figures B2 and B4).

The historic southern limit of the butterfly did not correspond to the distribution of
lupine, which occurred historically much further south than the butterfly. But even here the
distribution of Karner blue has contracted away from the historic distribution. The southernmost
population of Karner blue is now in the Indiana Dunes RU (refer to APPENDIX B, Figure B3).

As of Fall 2002, extant populations of the Karner blue occur in Indiana, Michigan,
Minnesota, New Hampshire, New York, Wisconsin, and Ohio. Reintroductions are currently
ongoing in Ohio, at Concord, New Hampshire, and in West Gary, Indiana. Almost all known
extant populations occur on sandy soils associated with glacial outwash plains and terraces,
glacial moraines, the shores and bottoms of glacial lakes, the glacial shores of existing lakes, and
dissected sandstone outwashes (Andow et al. 1994 and references therein, APPENDIX B).
Wisconsin and Michigan have the largest number of local populations with the greatest numbers
of individuals; New York has one large population (Baker 1994). Many local populations of the
butterfly appear extirpated, and the States of lowa, Illinois, Pennsylvania, Massachusetts, Maine,
and the Canadian province of Ontario no longer support populations of the butterfly (Baker
1994).



State Distribution of Karner Blues

This section briefly reviews survey efforts and the distribution of the Karner blue in each
state where recovery units (RUs) have been established via this recovery planning process.
Survey efforts to identify additional Karner blue sites are continuing in Wisconsin, Michigan and
New York, with additional Karner blue butterfly localities identified in all three states since
Federal listing of the species. Several of the survey efforts are a result of formal section 7
consultations with Federal agencies including the Department of Defense (Fort McCoy) in
Wisconsin and the U.S. Forest Service in Michigan (for forest management activities on the
Huron-Manistee National Forest [NF] and for gypsy moth control). For a glossary of terms used
in this recovery plan (Plan) refer to APPENDIX A. For information and locations on the 13
RUs and six potential RUs established by this Plan refer to APPENDIX B.

New Hampshire (Merrimack/Nashua River System RU)

No native Karner blue populations remain in New England. The last native population
occurred in the Concord Pine Barrens in Concord, New Hampshire, and was extirpated in 2000.
That last population, which existed in a powerline right-of-way and the grassy safeways of the
Concord Airport had declined from 3,700 estimated butterflies in 1983 (Schweitzer 1983, 1994),
to 219 butterflies in 1991, and to less than 50 in 1994, making this site at extreme risk for
extinction (Peteroy 1998). A reintroduction program was started in 2001 at Concord, with the
donor population coming from the Saratoga Airport in New York (refer to PART 1,
Translocation/Reintroduction, Captive rearing).

New York (Glacial Lake Albany RU)

The Karner blue butterfly was once common in New York (Cryan and Dirig 1978, Dirig
1994). In the Albany area alone, the Karner blue probably inhabited most of the 25,000 acres of
the original Albany Pine Bush, the area from which Karner blues were first described. The
Albany Pine Bush area once supported an estimated 17,500 butterflies in one 300 acre site during
1978 (Sommers and Nye 1994). By the mid-1980's, however, much of the Albany Pine Bush
had been destroyed by development and degraded by introduction of non-Pine Bush species and
natural succession. By 1988, only 2,500 acres of the original 25,000 acres remained (Givnish et
al. 1988), and loss of habitat has continued. Current populations number only in the several
hundreds (Schweitzer 1994a), and existing habitat continues to undergo succession and
degradation.

Additional Karner blue butterfly sites occur in the Saratoga Sandplains and Saratoga
West areas north of Albany. The majority of the sites in these areas support less than 100
butterflies. The largest population of the butterfly is at the Saratoga Airport, and is estimated to
support 10,000 Karner blue butterflies.

Currently the New York Department of Environmental Conservation (NY DEC) has
identified 70 Karner blue localities and 56 subpopulations (using the 200 meter separation
criteria for subpopulations, refer to APPENDIX A) in the Glacial Lake Albany RU. Of those, 43
subpopulations are within the three recovery areas: 7 in the Albany Pine Bush, 27 in Saratoga
Sandplains, and 9 in Saratoga West. Of these 43 subpopulations, only 15 are anticipated to have



more than 10 butterflies in the annual index counts. Eight subpopulations are within the
Queensbury Sandplains in Warren County, which is considered a location for recovery under the
state’s draft recovery plan. Five subpopulations are within Glacial Lake Albany RU, but are
isolated from any expected interaction with the sites in the recovery areas. The NY DEC
considers a site occupied until at least five years of adequate survey has failed to find the species.
Some of the New York subpopulations are extremely small and vulnerable and will be
considered extirpated if Karner blues are not found in the next year or two (Gerald Barnhart, NY
DEQC, in litt. 2002).

Michigan (Ionia, Allegan, Newago and Muskegon RUs)

The Karner blue butterfly is currently found in 10 of the 11 Michigan counties in which it
historically occurred. Early surveys by Wilsmann (1994) noted that the Karner blue populations
were reduced and highly fragmented. The majority of the Karner blue sites occur on state land
(Flat River and Allegan State Game Areas [SGAs]) in the Ionia and Allegan RUs, and on Federal
lands (Huron-Manistee National Forest) in the Newaygo and Muskegon RUs.

Survey efforts during 1994-1996 by the Michigan Natural Features Inventory (NFI) of 65
areas within the Ionia RU on public and private lands revealed nine extant Karner blue sites,
eight within the Flat River SGA; with the exception of one site, all supported low numbers of
butterflies (Cuthrell and Rabe 1996). Based on data through 1998, eight subpopulations (defined
as separated by 200 meters of unsuitable habitat) have been identified at the Flat River SGA and
23 at the Allegan SGA. In addition, two other subpopulations occur on private property; one
near each of these state properties (Daria Hyde, Michigan NFI, pers. comm. 1998). The lonia
RU is the least well surveyed of all the Michigan RUs with much of the area outside of the Flat
River SGA developed for agriculture and other uses (Baker 1994, Wilsmann 1994). The most
sizable populations in the state occur at Allegan and Flat River SGAs and most likely on the
Huron-Manistee NF (Jennifer Fettinger, pers. comm. 2002).

Many locations in the Newaygo and Muskegon RUs that supported Karner blue butterfly
populations 35-40 years ago have been lost to succession, agricultural conversion, forestry, and
residential and commercial developments (Wilsmann 1994). The majority of Karner blue sites in
these two RUs occur on the Huron-Manistee NF. As of the fall of 2002, a total of 13,792 acres
of the Huron-Manistee NF were surveyed for the Karner blue, with butterflies found on 2,026
acres in 267 locations. As of 2002, 78 subpopulations (using the 200 meter criteria) were
reported on the Huron-Manistee NF; these includes seven along powerline ROWs (Jennifer
Fettinger, MI NFI, pers. comm. 2002). In 2002, the Michigan NFI surveyed 58 sites on the
Huron-Manistee NF and found the Karner blue at 40 of these sites. Surveys on private lands
within the Manistee National Forest boundary have documented an additional 56 localities on
about 440 acres (Joe Kelly, pers. comm. 1998, Jennifer Fettinger, pers.comm. 2002). Some
utility companies (e.g., Consumers Energy and Wolverine Power Company) in Michigan are
surveying their transmission line corridors for Karner blues.

As of the fall of 2002, Michigan, excluding the Allegan SGA, supported 158
subpopulations of Karner blues (based on a 200 meter separation criteria) (Jennifer Fettinger,
Michigan NFI, pers. comm. 2002). As noted above, in 1998, Allegan SGA supported 23
subpopulations of Karner blues; this number is currently under revision to reflect 2002 numbers.



Indiana (Indiana Dunes RU)

Historically, the Karner blue was reported from eight counties in Indiana. In 1990,
Karner blue butterflies were identified at 10 sites out of 35 potential sites surveyed (Martin
1994). Two population clusters were identified within two counties (Lake and Porter), the
majority of which was associated with medium to high quality Karner blue habitat (Martin
1994). The early surveys in Porter County (which includes the National Park Service's Indiana
Dunes National Lakeshore [IDNL]) identified between 1,000 and 10,000 second brood Karner
blue adults (Baker 1994). In Lake County, at the IDNL, several thousand second brood adults
were estimated (Schweitzer 1992), and in other Lake County sites, the subpopulations likely
number between 100-500 (John Shuey, The Nature Conservancy (TNC), pers. comm. 1998).

Currently it is estimated that 17 subpopulations of Karner blues (using the 200 meter
separation criteria) occur at IDNL (Ralph Grundel and Noel Pavlovic, U.S. Geological Survey
(USGS), pers. comm. 1998). In West Gary, about 21 tracts clustered into 11 individual preserves
and management areas have been identified as potentially able to at least periodically support the
Karner blue (Shuey, undated); these sites are associated with a remnant dune and swale complex.
In 1998, four of these tracts supported Karner blues (John Shuey, pers. comm. 1998); however,
by 2000, Karners were gone from all four sites. In 2001, a reintroduction project was started to
restore Karner blues to West Gary (refer to PART I, Reintroduction/Translocation, Captive

rearing)

Wisconsin (Morainal Sands, Glacial Lake Wisconsin, West Central Driftless, Wisconsin
Escarpment and Sandstone Plateau and Superior Outwash RUs)

The Wisconsin Department of Natural Resources (WDNR) began systematic statewide
surveys for the Karner blue in 1990 including surveys of 33 of the 36 known historic butterfly
sites. Initial surveys by Bleser (1993) reported that only 11 of the 33 historical sites supported
Karner blues, and also identified 23 previously unknown sites. Additional survey efforts were
subsequently conducted by the Wisconsin DNR, the U.S. Fish and Wildlife Service (Service)
[Trick 1993, Necedah National Wildlife Refuge (NWR)], Fort McCoy (Leach 1993), and other
biologists (Swengel 1994, Bidwell 1996). By 1993, an estimated 150 to 170 discrete Karner blue
sites were documented in Wisconsin (Baker 1994). In recent years, additional surveying has
been done by partners to the Wisconsin Statewide Habitat Conservation Plan for the Karner Blue
Butterfly (HCP) including eight county forest departments, several private forest and utility
companies, The Nature Conservancy, and the Wisconsin Department of Transportation. Partners
to the HCP routinely survey for the butterfly prior to conducting management activities in an
effort to avoid adverse impacts to the Karner blue. In addition, partners monitor for Karner blues
annually as part of the HCP effectiveness monitoring program coordinated by the Wisconsin
DNR.

Two separate but related sources of data on the Karner blue and its habitat in Wisconsin
currently demonstrate that Karner blue butterfly populations in Wisconsin are numerous and
widely distributed across the state. As of April 2002, Wisconsin DNR's Natural Heritage
Inventory (NHI) database noted 311 Karner blue butterfly occurrences (using a one-half mile
separation criteria) across 20 counties in Wisconsin. This reflects an 815 percent increase in
recorded NHI Karner blue occurrences since listing. Similarly, the HCP annual monitoring



program has documented 256 Karner blue occupied sites as of December 2002 on HCP partner
lands, reflecting a 241 percent increase in Karner blue occupied sites on partner lands between
1998 and 2002 (Darrell Bazzell, WDNR, in litt. 2002). Most of the 256 Karner blue occurrences
on partner lands are a subset of the NHI data (i.e. included in the 311 NHI occurrences), although
further analyses is necessary to determine if some of these sites are new NHI occurrences
(greater than 1/2 mile from an existing occurrence).

The number of known lupine sites on HCP partner lands in Wisconsin has also increased.
About 252,299 acres of land (WDNR 2002a) are covered by the HCP, and partners implement
measures that contribute to the conservation, and in some cases, recovery of the butterfly on
these lands (WDNR 2000) (not all this acerage supports Karner blues). In 1998, there were 90
identified lupine sites on shifting mosaic (i.e. forestry) habitat that contained at least 25 plants or
clumps of lupine at a density of 50 lupine plants/acre, or 25 lupine plants/200 meters for linear
sites (e.g., rights-of-way). Annual HCP monitoring since 1998 has identified an additional 220
sites containing lupine, bringing the total to 310, an increase of 244 percent from 1998 to 2002.
In addition, approximately 1,600 identified long-term habitat (e.g. barrens, rights-of-ways) sites
in Wisconsin contain lupine.

Taken as a whole, the data demonstrate that of all the states, Wisconsin has the most
numerous and widespread Karner blue occurrences, and that the butterfly is likely to be more
stable in Wisconsin than previously believed (additional detailed review of HCP monitoring data
is needed to further assess this possibility). In addition, there are many thousands of acres of
suitable or potentially suitable habitat for the Karner blue in Wisconsin especially on HCP
partner lands. The data strongly suggests that future monitoring will continue to identify new
occupied Karner blue occurrences as well as additional suitable habitat in Wisconsin. For these
reasons it appears appropriate for the Recovery Team to thoroughly review the data on the
distribution, status, and threats to the butterfly in Wisconsin and to re-evaluate the recovery goals
and criteria for the state, and if appropriate, to revise the goals as warranted. A recovery task has
been added to this plan to that effect (refer to PART II, RECOVERY TASKS, Task 6.3).

Most of the Wisconsin subpopulations can be lumped into about 15 large population
areas, many of which are found on sizable contiguous acreages in central and northwest
Wisconsin (WDNR 2000). At least one sizable population occurs in each of the five Wisconsin
recovery units (refer to APPENDIX B). Some of the largest Karner blue populations are found
at Necedah NWR, Fort McCoy, Glacial Lake Grantsburg Work Unit [which includes Fish Lake
and Crex Meadows State WAs], Eau Claire County Forest, Jackson County Forest, and Black
River State Forest. Some larger populations occur on HCP partner lands.

Minnesota (Paleozoic Plateau RU)

Karner blue butterflies currently only occur at the Whitewater Wildlife Management
Area (WMA) in southeastern Minnesota. Two to possibly five small local populations are
located in a 1770-acre expanse of poor to high quality oak savanna at the WMA. Translocation
of butterflies into an unoccupied site was initiated in 1999 and was repeated in 2000 and 2002.
Some success of this effort was evidenced by the discovery of butterflies during the first flight in
2001, thus indicating over-wintering survival (refer to PART I, CONSERVATION
MEASURES, Reintroduction/Translocation).
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Permanent transect counts conducted at two sites since 1992 (Cuthrell and Historic Sites)
recorded peak second flight counts ranging from 0.63 to 4.00 butterflies per 1,000 square meters
of transect (mean = 1.40) at the Cuthrell Site, and from 0 to 1.33 butterflies per 1,000 square
meters of transect (mean = 0.60) at the Historic Site. These numbers represent relative
abundance, and the relationship between numbers counted and total population size is unknown
but is probably linear (Lane 1999a, Edwards 2002). Because other butterfly monitoring research
has shown that only a portion of the butterflies in a sample area are counted and that in this case
only a fraction of each site is surveyed, population numbers are considerably greater than the
observed transect count numbers.

There are other locations in the southeastern and east-central part of the state that
formerly supported lupine. The only other known location to have supported the Karner blue
butterfly in Minnesota is the Cedar Creek Natural History Area (CCNHA). Surveys of 50
potentially suitable sites in Minnesota (oak savanna with sandy soil and lupine) revealed that
many lupine sites were no longer present and that Karner blues had been extirpated from the
CCNHA site (Lane and Dana 1994).

LIFE HISTORY AND ECOLOGY
Karner Blue Butterfly

The life history of the Karner blue butterfly has been studied by Scudder (1889), Dirig
(1976, 1994), Cryan and Dirig (1978), Savignano (1990), Swengel (1995), Swengel and Swengel
(1996, 1999, 2000), and Lane (1999b). The Karner blue butterfly is bivoltine, which means that
it completes two generations per year (Figures 2 and 3). In typical years, first brood larvae
(caterpillars) hatch from overwintered eggs in mid- to late April and begin feeding on wild
lupine (Lupinus perennis), the only known larval food source (Figure 2). Larvae pass through
four instars (developmental stages), between which the relatively soft larval exoskeleton is shed.
Feeding by first and second instar larvae results in tiny circular holes in the lupine leaves while
older larvae eat all but the upper or lower epidermis, creating a characteristic window-pane
(Figure 1) appearance (e.g., Swengel 1995). Larvae feed for about three to four weeks and
pupate (transform from larvae to adult) in late May to early June. Ants commonly tend larvae
(refer to PART I, LIFE HISTORY AND ECOLOGY, Associated Ants). Mature larvae enter a
wandering phase, after which the pre-pupal larvae attach themselves to various substrates with a
silk thread. Karner blues are known to pupate in the leaf litter, on stems and twigs, and
occasionally on lupine leaves (Dirig 1976, Cryan and Dirig 1978). Dirig (1976) reported that
pupation generally lasted seven to eleven days in the field. Laboratory-reared pupae typically
took seven to nine days, and sometimes up to eleven days before emerging as adults (Savignano
1990, Herms et al. 1996). First flight adults begin emerging in late May with the flight extending
through late June (Swengel and Swengel 1996). At peak flight the sex ratio typically exceeds
50% males. The Swengels (1996) have reported 70 percent males at peak flight. The percent
males decrease as the flight period progressess (Leach 1993, Swengel and Swengel 1996).
Adults are believed to live an average of four to five days but can live as long as two to three
weeks. First flight adult females lay their eggs primarily on lupine plants, often singly on leaves,
petioles, or stems, or occasionally on other plants or leaf litter close to lupine plants.
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Second brood eggs hatch in five to ten days, and larvae can be found feeding on wild
lupine leaves and flowers from early June through late July. Typically, a larva can survive on
one large lupine stem; however, the larva moves from leaf to leaf on the lupine stem, often
returning to leaves fed on during earlier instars, and it may even move to other lupine stems
(Lane 1999b). Larvae are found often on the lower parts of the stems and petioles. Ants also
typically tend second brood larvae, but during midday on hot days tending may be reduced.
Pupae are also frequently tended by ants (Cynthia Lane, pers. comm. 1997). Refer to Figure 1
which depicts the different life stages of the Karner blue.

Second brood adults
begin to appear in early to
mid-July and fly until mid to
late August, and in some
years into early September
(Swengel and Swengel
1996). Flight phenology
may be delayed because of
cool wet summers and result
in an adult flight period
lasting through late August
(Cathy Bleser, pers. comm.
1995; Cynthia Lane, pers.
comm. 1995). The peak
flight period usually lasts one
to two weeks. Generally,
there are about three to four
times as many adults in the
second brood compared with
the first brood (Schweitzer
1994b). Maxwell and
Givnish (1994) surveyed
Karner blue populations at
46 locations at Fort McCoy,
Wisconsin, during 1993; they
found that locations with

Figure 2. Phenology of the Karner blue and lupine. In colder
(warmer) areas and years phenologies will be delayed (advanced).
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high first flight butterfly counts also had high second flight counts (1> = 0.674) and that
populations were three to four times as abundant during the second flight. However, the pattern
is highly variable, and in some years, the second brood is not larger than the first brood (Swengel
and Swengel 1996). The first brood is usually smaller most likely due to high overwintering
mortality of eggs, the inability of larvae to find lupine in the spring, or greater oviposition

success of first-flight females.

It is important to note that there is a significant amount of annual variation in adult
abundance relative to peak flight date and in brood timing and length among years (Swengel and
Swengel 1996, 1999). Based on extensive survey data, the Swengels (1999) suggest four kinds
of variability to consider when assessing the butterfly’s phenology: “1) inter-generational
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fluctuations in abundance, 2) phenological differences among years and 3) among sites, and 4)
inter-annual variation in span between spring and summer generations.”

Second flight females usually land on green non-senesced lupine, crawl down the stem,
and lay eggs primarily on grasses and sedges, other plant species, leaf litter near lupine stems,
and occasionally on lupine (Lane 1999b). In general, insects that overwinter in the egg stage
often lay their eggs on various materials close to the ground because these sites afford better
winter protection (Bernays and Chapman 1994). The eggs laid by second flight females are the
overwintering stage (evidence summarized by Haack 1993), and studies by Spoor and Nickles
(1994) and VanLuven (1993, 1994a) provide strong experimental evidence of this phenomena.
Spoor and Nickles (1994) observed second brood eggs through November and determined
hatching rates of these eggs the following spring. Researchers in New Hampshire and Wisconsin
have successfully overwintered eggs for rearing experiments (VanLuven 1993, 1994a; Curt
Meehl, University of Wisconsin-Stevens Point, pers. comm. 1997).

Karner blue adults are diurnal and initiate flight between 8:00-9:00 a.m. and continue
until about 7:00 p.m. [although they have been observed flying as early as 6:51 a.m. by Swengel
and Swengel (1996)], a longer flight period than most butterflies. Butterflies become more
active with increasing temperature and/or sunshine (Swengel and Swengel 1998). Adult activity
decreases at temperatures lower than 75° F, and during heavy to moderate rains (Haack 1993).

Lupine Food Resource

Lupinus perennis is a member of the pea family (Fabaceae) and has the common names
wild lupine and blue lupine. Lupine is the only known food plant of larval Karner blues and is
an essential component of its habitat. Two varieties have been identified: Lupinus perennis var.
occidentalis S. Wats. and L. perennis var. perennis L. (Ownby and Morley 1991). The varieties
are morphologically similar except the former has spreading pilose hairs and the latter thinly
pubescent hairs (Boyonoski 1992). The Karner blue may use both varieties, but the details of the
interaction are not known. The inflorescence is a raceme of numerous small flowers which are
two lipped, with the upper lip two-toothed and the lower lip unlobed. Flower color ranges from
blue to violet and occasionally white or pink (Gleason and Cronquist 1991). Peak bloom
typically occurs from mid-May to late June within the geographic range of the Karner blue, but
varies depending upon weather, degree of shading, and geographic location in its range. Stem
density and flowering is greatest in open- to partial-canopied areas (Boyonoski 1992), and in
greenhouse studies lupine were larger in full light conditions (Greenfield 1997). However, areas
receiving high solar radiation can have low lupine densities and may be less than ideal habitat
(Boyonoski 1992). Plants in dense shade rarely flower.

Lupine distribution extends from Minnesota east to New England, then southward along
the eastern Appalachian Mountains to southern Virginia and along the eastern coastal plain to
Georgia wrapping around the Gulf coastal plain to Louisiana (Dirig 1994). Surveys of lupine
throughout its northern range report populations to be declining and many sites have been
extirpated (Cuthrell 1990, Boyonowski 1992, Grigore 1992). The primary cause of this decline
appears to be loss of habitat from conversion to housing, retail, light industrial, and agricultural
development, and degradation of habitat because of the deep shade that develops when
disturbance is interrupted. Lupinus perennis is state-listed as threatened in New Hampshire.

13



Figure 3. Illustration of life history stages of the Karner blue.

Karner Blue Butterfly Life History: The Kamner blue butterfly produces two broods of young each year,

a spring brood and a summer brood. Larvae emerge in April from eggs that have overwintered and feed
on wild lupine, Lupinus perennis, the only known larval food plant of the butterfly. The larvae are often
attended by ants, which collect a sugary solution secreted by the larvae, and in turn may protect the larvae
from predation and/or parasitism. Near the end of May, the larvae pupate and adults emerge in late May
or early June. The butterfly then mates and lays eggs on the lupine plant. The second brood of butterflies
emerge mid-July to early August. Their eggs overwinter to hatch again in April.
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Lupine abundance and Karner blue

Management for sufficient lupine is critically important for the Karner blue, because it is
the only food plant for the larvae. Significant increases in the abundance of lupine will usually
not be detrimental to the Karner blue, and may in many cases be beneficial. Lupine, however, is
not the only factor limiting Karner blue butterfly subpopulations, and it is important to manage
for additional factors important to the butterfly.

A positive association between lupine abundance and Karner blue abundance or
persistence would indicate that lupine abundance could be a factor limiting Karner blue
populations. Several researchers have found a positive correlation between lupine abundance
and number of Karner blue butterfly adults in New York, Michigan, and Wisconsin (Savignano
1994b, Bidwell 1995, Herms 1996, Smallidge et al. 1996, Swengel and Swengel 1996, Lane
1999). In Wisconsin, lupine abundance and proximity to the middle of a large lupine population
were correlated with adult Karner blue abundance (Swengel and Swengel 1996). Savignano
(1994b) found a significant correlation between Karner blue numbers and the number of lupine
rosettes in New York studies. At one site with abundant lupine but few butterflies, Savignano
(1994b) suggested that a dearth of nectar plants limited the butterfly. Herms (1996) found a
significant positive correlation between lupine density and Karner blue abundance at the Allegan
SGA in Michigan.

The reproductive status of lupine was found to be a key in explaining butterfly numbers
at Fort McCoy, Wisconsin, where Maxwell (1998) found significantly greater second brood
larval densities in shady plots which had a higher proportion of non-reproductive lupine. Second
brood adult abundance increased with the frequency of non-reproductive lupine plants, but
declined with increasing cover of flowering plants. Maxwell (1998) also detected that lupine
plants in open areas, which tended to be reproductive, senesced earlier than those in shaded areas
and suggested that early senescence could result in larval starvation. However, the study year
(1995) was particularly hot and studies by Lane (1999) suggest that in most years larvae are able
to reach pupation before lupine senesces. In addition to the influence of lupine abundance on the
Karner blue, it is important to consider lupine quality (refer to Lupine quality and the Karner

blue below).

Lupine was not a good predictor of Karner blue abundance in Minnesota. Lane (1994a,
1999b) found that of her study sites, the site with the densest lupine did not support Karner blues;
however, this site was over 2.5 kilometers (1.6 miles) from occupied habitat. Lawrence (1994)
and Lane (1994a, 1999b) suggest that other factors, such as microhabitat might influence the
butterfly’s population dynamics.

Lupine abundance at a site may vary temporally within a year or between years. Late
emergence or early senescence of lupine might result in larval starvation, although Swengel’s
(1995) field observations suggest that larval and lupine phenology are well synchronized even in
years with delayed lupine appearance. The timing of lupine senescence varies with canopy cover
and annual weather. Lane (1994b) observed that second brood larvae disappeared from lupine
that senesced early. These individuals probably died because lupine density was low, and
successful dispersal to another plant was improbable. Maxwell (1998) suggested that the
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shadiest lupine patches serve as “nurseries” for second brood larvae due the greater availability
of non-reproductive lupine, which are not as susceptible to mildew and remain green throughout
the larval stage.

It is unlikely that a single factor, such as the density of lupine, would account for
variation in abundance of the Karner blue throughout its range. In places where it does,
however, such as in the Glacial Lake Albany RU in New York, and at Fort McCoy, Wisconsin, it
suggests that Karner blue populations might be enhanced by increasing the amount of lupine
available. In localities where there is a poor correlation between lupine abundance and adult
Karner blues, such as in the Paleozoic Plateau RU in Minnesota, and possibly, the Allegan SGA
in Michigan, other factors may be important such as lupine quality, microhabitat, and distance
from the nearest occupied site.

Lupine quality and the Karner blue

Variation in plant quality, as influenced by nutrient composition, secondary plant
chemistry, morphology, and other factors can have significant effects on Lepidoptera (Bernays
and Chapman 1994). Lupinus species have secondary plant compounds, typically alkaloids, that
influence lupine’s suitability as insect food. Levels of alkaloids in Lupinus species vary with
plant part and are highest in reproductive parts and the epidermis (Bernays and Chapman 1994).
In addition, habitat differences in sun and shade may affect host plant quality by influencing host
plant nutrients, secondary plant compounds, phenological state, and/or physical condition
(Mattson 1980, Waterman and Mole 1989, Dudt and Shure 1994, Ravenscroft 1994).

Laboratory and field feeding studies have shown that the quality of lupine as larval food
is affected by growing conditions (Grundel et al. 1998a, Maxwell 1998, Lane 1999). Grundel et
al. (1998a) tested the effects of nine types of lupine on larval growth and survival. Lupine type
was based on several factors including: age, reproductive/phenological status (non-flowering,
flowering, seed, and senesced), percent canopy cover where lupine was growing, water status,
presence of powdery mildew, and soil type. These laboratory feeding studies demonstrated that
larvae fed leaves from shade grown plants that had gone to seed grew faster than larvae fed
leaves from sun grown plants that had gone to seed (Grundel et al. 1998a). Lane (1999) also
conducted laboratory feeding studies, using six lupine types, and found that larvae fed sun grown
lupine in seed had the lowest survival rates of the lupine types tested (Lane 1999). Results from
these studies are significant because during the second brood larvae feed extensively on leaves
from plants that have gone to seed.

Larvae fed wilted lupine took significantly more days to pupate than larvae fed all other
lupine types (Lane 1999). Grundel et al. (1998a) found that water stressed lupine was one of
four types of lupine that produced slow larval growth rates. Lane (1999) also observed a lower
percent survival to pupation for larvae fed wilted leaves than for three of the six other lupine
types tested.

Faster growth rates are often advantageous to immature stages as they are then vulnerable
to parasitism and predation for a shorter period of time. For Karner blue larvae, faster growth
rates for second brood larvae may offer the additional benefit of allowing larvae to complete
their development before lupine plants senesce (Grundel et al. 1998a).
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During field studies, Maxwell (1998) counted a greater number of larvae on non-
flowering lupine than on reproductive lupine. In addition, summer brood adult abundance was
positively associated with the frequency of non-flowering lupine and negatively with the
frequency and density of reproductive lupine.

The quality of lupine as a larval food plant does not appear to be affected by whether the
soil is predominately sand or one with an organic O and A horizon (Grundel et al. 1998a).
However, because lupine abundance and reproduction on sandy soils can be low (N.B. Pavlovic
and R. Grundel unpublished data), selecting sites where soils have greater organic content will be
important if increasing lupine abundance is a primary management goal.

Studies have also examined the influence of powdery mildew, a common leaf disease, on
lupine quality. Maxwell (1998) counted the number of lupines with larval feeding damage and
found less larval feeding where the proportion of lupine infected with powdery mildew was the
greatest. However, although feeding intensity may be lower in these areas, laboratory feeding
studies by Grundel et al. (1998a) found that larvae grew faster when fed leaves with large scale
infections of powdery mildew than similar plants without such an infection.

Fire may also influence lupine quality. Maxwell (1998) observed a fire-mediated
improvement in lupine quality that was reflected in a significantly greater abundance of second
brood larvae on burn plots.

In general, field and feeding studies suggest that lupine grown in partial to closed
subhabitats provide a superior food source for Karner blue larvae, especially during the second
annual brood of larvae. Female Karner blues have been observed ovipositing relatively more
frequently in moderately shaded areas than in open areas where lupine is most abundant
(Grundel et al. 1998b). The growth advantage of eating shade-grown lupine may explain this
relative overuse of shaded areas by ovipositing females and larvae. Nonetheless, although lupine
quality may be superior in areas with shade, the larger quantity of lupine in openings at some
sites may result in a greater total number of butterflies produced from open subhabitats (Lane
1999). Therefore, a mixture of sun and shade across the landscape can increase the viability of
Karner blue populations by providing for a tradeoff between lupine quality and quantity.

Lupine growth, reproduction, dispersal, and propagation

Lupine reproduces vegetatively and by seed. Seedpods have stiff hairs with an average
of 4-9 seeds per pod (Boyonoski 1992). When seedpods are dry, they suddenly twist and pop
open (dehisce), throwing seeds several feet. Dehsicing is the only known dispersal mechanism
and Celebrezze (1996) suggests that lupine colonization would be very slow, about 0.5 to 2
meters (20 to 79 inches) per year. Alternatively, these results may imply that there is another
unidentified dispersal agent. Seeds are known to remain viable for at least three years (Zaremba
et. al. 1991), do not have a physiological dormancy, and will readily germinate if moisture and
temperature conditions permit. The hard seed coat produces an effective dormancy, and
germination is usually enhanced by scarification, stratification, and/or soaking in water
(Boyonoski 1992, Zaremba and Pickering 1994) (Bob Welch, Waupaca Field Station, pers.
comm. 1995).
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Lupine also reproduces vegetatively by sending up new stems from rhizomatous buds.
Usually, plants a few years old will form a clump of several stems and in areas with dense
lupine, it is difficult to distinguish individual lupine plants. Established lupine plants do not
grow every year. It is not known how long established plants can remain dormant.

Lupine can be propagated by planting seed or transplanting seedlings. Direct
germination from seed appears to result in higher first-year survival than seedling transplants
(VanLuven 1994b, Zaremba and Pickering 1994). Seedling establishment from seed in New
Hampshire was between 3-43 percent in the first year, and survival of seedlings was about 50-60
percent per year (VanLuven 1994b). Large quantities of seed will be necessary to establish
dense stands of lupine in this area. Welch (pers. comm. 1994) established lupine patches with
over 5,000, 8,500, and 17,500 seedlings, two to four months old, and uncounted numbers of
seeds near Waupaca, Wisconsin. The patches were established successfully, but no data are
available on survival. Maxwell and Givnish (1994) established lupine by direct seeding in
experimental plots in 1993. Although soil preparation was homogeneous, lupine establishment
was better in the compacted subsided soils associated with an old trail. This area had less
vegetative cover, and the lupine was growing in association with Cycloloma atriplicifolium
(pigweed), which may have protected it from deer browsing. During the dry 1995 season, C.
atriplicifolium was absent and lupine on this trail developed faster and senesced earlier than the
surrounding lupine, and lupine cover was greater where the seeded perennial grasses had
established the best (Maxwell and Givnish 1996). These observations suggest that nurse plants
may be useful for establishing lupine.

Renewal of lupine habitat

Lupine is an early successional species adapted to survive on dry relatively infertile soils.
Even the seedlings have long taproots that presumably allow the plant to reach soil moisture. It
can grow on soils low in nitrogen because of its association with the nitrogen fixing bacterium
Rhizobium lupina, and does not do well when grown without R. lupina (Zaremba and Pickering
1994). Similar to other legumes, it probably does best when growing on nitrogen-poor soils that
have sufficient phosphorus. Lupine does not reproduce in dense shade. All available evidence
suggests that lupine thrives on nitrogen-poor soils in partial- to open-canopied areas, and is
suppressed by shade; it is possibly out-competed by other plants on nitrogen-rich and
phosphorus-poor soils.

Based on Greenfield’s (1997) work, lupine growing under trees may benefit from the
lower pH levels caused by tree leaf litter. However, while lupine appears to benefit from
association with trees (Boyonoski 1992, Greenfield 1997), without periodic disturbance to
reduce tree cover, light levels under the canopy may become too low to support lupine growth.

Several species of pines, oaks, and shrubby vegetation are adapted to the same soils and
habitat as lupine (Nuzzo 1986, Haney and Apfelbaum 1990), and without disturbance, these
species will close the canopy, shading and suppressing lupine (Haney and Apfelbaum 1990,
Apfelbaum and Haney 1991). The rate of closure will vary from locality to locality, based on
edaphic and prevailing climatic conditions, and current and historic management practices. If
the habitat supports high grass and sedge productivity, litter could build up and suppress lupine.
Consequently, disturbances that reduce tree and shrub canopy cover are necessary for lupine to
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persist, and under some conditions, occasional disturbances that remove the litter layer are
needed for lupine regeneration. Several disturbances have been suggested to be beneficial for
renewing lupine habitat, including prescribed fire, mowing, tree removal, and a variety of
methods to kill trees and shrubs such as girdling and brush-hogging (Swengel 1995, Swengel and
Swengel 1996, Smallidge et al. 1996, Maxwell 1998). Frequency of management treatment to
reduce woody cover is an important consideration. Smallidge et al. (1996) found that infrequent
removal of woody stems often resulted in an increase in woody plant density and suggested the
use of frequent mechanical treatment or a seasonally timed application of an appropriate
herbicide (refer to APPENDIX G)

Other factors affecting lupine

Mechanical disturbance of the soil can affect lupine. Research at Fort McCoy has
demonstrated that military training activities appear to be beneficial to the Karner blue (refer to
PART I, HABITAT/ECOSYSTEM, Renewal of Habitat for the Karner blue, Other contemporary
habitats).

Lupine is browsed by deer, woodchucks, and insects. The relationship between grazer
density, grazing intensity, and Karner blue populations is largely unknown. If deer populations
are too abundant in the spring and browse is scarce, excessive browsing could occur on lupine,
with potential detrimental effects on the Karner blue (Schweitzer 1994a). Heavy spring flower
browse by deer reduces the number of seedpods for that season's lupine (Straub 1994).
Transplanted lupine may be less able to recover from being browsed than field sown plants
(Zaremba and Pickering 1994). Herbivory by the painted lady butterfly (Vanessa cardui) has
caused severe defoliation of lupine foliage (Cynthia Lane, pers. comm. 1996), but the potential
detrimental effects on the Karner blue are not documented. Lupine species typically contain
alkaloid compounds, which are hypothesized to serve as chemical defense mechanisms against
herbivory (Dolinger et al. 1973), but the significance of these compounds in the ecology of the
Karner blue is not known. Several diseases of lupine are known, but their effects on Karner blue
or lupine populations are unknown.

Recolonization or regeneration of lupine to areas that have had closed canopy or little
disturbance for long periods may be reduced or even absent after disturbance. Sferra et al.
(1993) used cutting and burning to restore savanna structure in Michigan but did not see
increases in lupine abundance possibly because no plants or seeds were present on the site to
regenerate, and because lupine was not able to recolonize. Celebrezze (1996) found less lupine
on cultivated/homesteaded sites than would be expected. Also, no long distance dispersal
mechanism is known for lupine. Celebrezze's (1993) work suggests that lupine might only move
0.5 to 2 meters per year. Without active disturbance/seeding regimes, lupine could undergo
gradual elimination due to very slow reinvasion following local extirpation. There is concern
that lupine habitat lost due to maturation of red pine stands may not be able to regenerate after
harvest [refer to Recovery Task 5.25(d)].

Nectar Food Resources

Adult Karner blue butterflies feed at flowers, sipping nectar and presumably obtaining
nourishment; adult feeding increases longevity and fecundity in many Lepidopteran species,
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especially butterflies (Chew and Robbins 1989). Although increased longevity and fecundity
have not been specifically demonstrated for the Karner blue butterfly, it is generally agreed that
nectar is an essential adult resource. Adult Karner blue butterflies spend considerable time
nectaring on a wide variety of plant species (refer to APPENDIX C). Adults have been observed
during the first brood to feed on flowers of 39 species of herbaceous plants and 9 species of
woody plants, and during the second brood, on flowers of 70 species of herbaceous plants and 2
species of woody plants. Indeed, nectar plant availability may be a key factor in determining
habitat suitability (Fried 1987). Lawrence and Cook (1989) suggested that the lack of nectar
sources may limit populations at the Allegan SGA in Michigan, and Packer (1994) implicated
the dearth of nectar sources as one of the causes of the extirpation of populations in Ontario.
Bidwell (1994) found a positive correlation between nectar plant abundance, specifically
abundance of Monarda punctata (horsemint), and the number of Karner blue butterflies. Other
researchers, Herms (1996), and Richard King (USFWS, pers. comm. 1996), did not find a
correlation between adult butterfly numbers and nectar plant abundance. Herms (1996)
suggested that the lack of correlation between Karner blue and nectar sources could also mean
that the minimal requirement for nectar was met and that nectar was not limiting during the years
of study. It is generally accepted that nectar plant phenology, presence, distribution, and
abundance can vary from year to year on any given site. In addition, absence of correlation
might also mean that other factors, such as larval density, are more directly determining adult
population numbers.

Some plant species appear to be utilized more frequently than others (Fried 1987, Bleser
1993, Leach 1993, Bidwell 1994, Lane 1994a, Lawrence 1994, Herms 1996). The nectar plant
used most frequently in the field may be the one that is spatially or temporally available or most
abundant, and not the species that is preferred. Observations of nectaring frequency, however,
can indicate the relative utility of the species as a nectar resource. For example, Herms (1996)
found that Asclepias tuberosa was the most frequently used summer nectar sources two years in
a row, but was consistently rare on all sites. Common nectar plant species used by first and
second brood Karner blues in Minnesota, Michigan and Wisconsin are summarized in
Table 1. A more comprehensive list of nectar plants used by the Karner blue can be found in
APPENDIX C, Table C1.

Studies by Grundel et al. (2000) at IDNL suggest that the Karner blue is opportunistic in
selecting nectar plants, choosing species with the greatest total number of flowers or flowering
heads. However, the studies also showed that the Karner blue preferred certain select nectar
species (Table 1) and nectar plants with yellow or white flowers.

In addition to nectaring, males and females sip at moist earth (mud-puddling) and human
perspiration, and males sip at animal droppings (Swengel and Swengel 1993). Adults may be
obtaining sodium or other substances from this behavior.

Subhabitats
Karner blue adults and larvae use a variety of subhabitats created by variation in tree
canopy cover, topography, and soil moisture, and the population dynamics of the butterfly is

probably influenced by these factors. Adult butterflies use open-canopied areas for nectaring,
roosting, mate location, and oviposition (Packer 1987; Lawrence and Cook 1989; Lawrence
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1994; Maxwell and Givnish 1994; Lane 1994a, 1994b, 1995, 1999b; Grundel et al. 1998b).
The majority of Karner blue nectar plants require medium to high levels of sun to produce
flowers and the adults nectar most frequently in open-canopied areas. The phenology of flower
production also varies with subhabitats; therefore, subhabitat diversity may provide a more
guaranteed source of nectar. For example, wetlands adjacent to suitable Karner blue habitat at
IDNL or Necedah NWR may provide almost unlimited nectar resources. Extremely xeric sites,
on the other hand, such as Allegan SGA, may have limited adult nectar resources, which could
limit butterfly populations (Lawrence and Cook 1989).

Adults are commonly found in open-canopied areas. In Minnesota, Lane (1994a)
classified habitats with lupine or adult butterflies, and showed that adults were found in areas
with less than five percent canopy cover. In western Wisconsin, Maxwell and Givnish (1994)
collected data on the physical structure of habitat and cover estimates of selected vegetation, and
found a positive correlation between adult Karner blue butterfly abundance and grass cover.
Because the grass was used as adult roosting sites, they suggested that this indicated the
importance of roosting sites for healthy populations of Karner blue. Grass cover may also
indicate open canopy on less xeric, slightly more fertile areas of savanna, which could be
beneficial in other ways to Karner blue.

Specific adult behaviors are commonly seen in open-canopied areas. Adults have been
observed roosting in open- to closed-canopied areas during the day on several woody and
herbaceous plant species, but at night adults have been seen roosting in the open on grasses such
as big bluestem (Andropogon gerardii) (Schweitzer 1989). Male Karner blue butterflies used
open habitat areas for nearly 90 percent of their activities - primarily mating and nectaring
activities (Grundel et al. 1998b). Males are commonly observed in open areas, and in studies on
butterfly movement, Bidwell (1994) frequently observed males flying back and forth through
open areas.

Female activity is more spread across subhabitat than male activity. Females have been
observed ovipositing (laying eggs) in open- to closed-canopy areas and in a variety of slopes and
aspects (Lane 1993, 1994c¢, 1999b; Grundel et al. 1998b; Maxwell 199